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Desired track
position signal
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drive signal for positioning a head at a desired track on the
basis of a desired track-position signal and a measured
head-position signal, and a drive circuit for driving a voice-
coll motor. The drive circuit includes a current feedback
amplifier (21) and a voltage feedback amplifier (50), which
can be selectively used. The controller (70) is provided with
a speed limiter for determining a maximum speed limiting,
the speed of a head. The voltage feedback amplifier of the
drive circuit 1s used when the head-position signal 1is
unstable or otherwise maltunctioning, and the current feed-
back amplifier of the drive circuit 1s used when the head-
position signal 1s normal.

11 Claims, 4 Drawing Sheets
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1
DISK STORAGE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application claims priority from Japanese Applica-
tion No. 2002-342582, filed Nov. 26, 2002, the entire
disclosure of which 1s incorporated by reference for all
PUIpPOSES.

BACKGROUND OF THE INVENTION

The present 1nvention relates generally to disk storage
devices (e.g., magnetic disk drives or optical disk drives)
that move a head relative to a storage medium, and more
specifically to techniques for improving the head position-
Ing.

In a conventional track access control system included in
a magnetic disk drive or an optical disk drive, a voice-coil
motor (VCM) is used to move one or more read/write heads
to and positioning them at a desired track. A controller forms
a positioning feedback loop and gives a control iput to a
drive circuit. The drive circuit includes a current feedback
amplifier that feeds back VCM drive current. A head support
mechanism that supports the read/write head 1s accelerated
by the VCM, wherein the acceleration 1s proportional to the
control input for a head-positioning control operation (see
e.g., Japanese published application JPA 2000-222837).

In other prior art, a disk access control system uses a
current feedback amplifier, and obtains the speed of a
read/write head by differentiating a head-position signal. In
this way, the speed 1information 1s monitored, and the speed
is reduced to zero in case of a defect. (see e.g., Japanese
published application JPA 2001-250345).

Further, in other prior art, in a load-unload type head
control system using a current feedback amplifier, a read/
write head 1s positioned by a low-speed control 1n loading an
unloaded read/write head to the disk, as distinguished from
a seek operation (see e.g., Japanese published application
JPA 2002-93080).

The drive circuit of the positioning control system dis-
closed 1n Japanese published application JPA 2000-222837
includes a current feedback amplifier that feeds back a
current supplied to a VCM. A current proportional to a drive
signal 1s supplied to the VCM to control the acceleration of
the head support mechanism supporting the read/write head.
This known control system has problems that the response
to a step nput of the desired value overshoots greatly. Thus
in the event of a malfunction of a position measuring unit,
the head support mechanism supporting the read/write head
moves at an extraordinary speed that exceeds the limait of the
predetermined range. This can cause the support mechanism
to collide with a stopper and damage the disk drive.

The disk access control system disclosed 1n Japanese
published application JPA 2001-250345, stops the seek
operation and reduces the speed of the read/write head to
zero when the speed mformation 1s malfunctioning. Also,
the desired speed 1s obtained from calculating the difference
between the signal that represents the desired track and the
signal that represents the head position. This art uses a
differentiator for converting the head-position signal 1nto a
speed signal. This leads to complicated circuitry to imple-
ment these functions.

The load-unload type head control system disclosed in
Japanese published application JPA 2002-93080 moves the
read/write head at a high speed 1n a high-speed control mode
for a seek operation, and a low speed 1n a low-speed control
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mode 1n loading the read/write head. Since the head-position
signal 1s not provided 1n the low-speed control mode, the
counter electromotive voltage of the VCM 1s measured and
used 1nstead of the head-position signal. This art 1s a
low-speed control, different from an art for positioning a
read/write head at a desired track.

Accordingly, what 1s needed 1s a disk drive that 1s capable
of positioning a head 1n a reliable manner.

SUMMARY OF THE INVENTION

In brief, the invention provides techniques for improving,
the reliability with which a disk storage device positions a
head. In specific embodiments, the head 1s a magnetic head
that reads information from a magnetic disk and writes
information to the disk. However, the invention 1s not
limited to magnetic disks, nor 1s 1t limited to heads that read
and write information to the disks.

In one aspect of the present invention, a disk storage
device comprises an information storing disk, a head for
writing data to tracks on the disk and/or reading data from
tracks on the disk, a head-moving mechanism that moves the
head 1n response to an input signal, a head-position mea-
suring circuit that generates a head-position signal repre-
senting a radial position of the head relative to the disk, a
current feedback amplifier, a voltage feedback amplifier, and
a controller. The controller 1s configured to generate a drive
signal using a desired track-position signal and the head-
position signal generated by the head-position measuring
circuit, set an upper limit on the drive signal, and monitor the
head-position signal, or a signal derived from the head-
position signal, to determine whether a malfunction condi-
tion exists.

In the event that a malfunction condition 1s determined to
exist, the drive signal 1s applied as an input to the voltage
feedback amplifier and an output from the voltage feedback
amplifier 1s provided as the mnput signal to the head-moving
mechanism. Conversely, in the event that a malfunction
condition 1s not determined to exist, the drive signal is
applied as an input to the current feedback amplifier and an
output from the voltage feedback amplifier 1s provided as the
input signal to the head-moving mechanism.

In some embodiments, the monitored signal 1s the head-
position signal, and 1 other embodiments the monitored
signal includes one or more of a positioning error signal, a
speed signal or a speed error signal. In some embodiments,
the malfunction condition 1s due to defects 1n the disk or
troubles 1n the head when the head 1s moved for seeking and
tracking. In some embodiments, the malfunction condition 1s
an 1nstability of the head-position signal or the signal
derived from the head-position signal

In another aspect of the present invention, a disk storage
device including a positioning control system for moving
and positioning a head to a desired track 1s capable of
reducing the overshoot of the head. Moreover, a stable
positioning of the head without moving the head at an
extraordinary speed 1s achieved by limiting the speed of the
head, 1n response to a positioning disorder signal.

In another aspect of the present invention, a disk storage
device comprises an information storing disk, a head for
writing data to tracks on the disk and/or reading data from
tracks on the disk, a head support mechanism supporting and
moving the head, a voice-coill motor for driving the head
support mechanism, a head-position measuring circuit for
measuring a radial position of the head relative to the disk,
a controller that calculates a drive signal on the basis of a
desired track-position signal and a measured head-position
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signal measured by the head-positioning measuring circuit
and sends out the drive signal to position the head at a
position corresponding to a desired track, and a drive circuit
driven by the drive signal for positioning the head at the
position corresponding to the desired track by driving the
voice-coll motor

In accordance with this aspect, the drive circuit mcludes
a current feedback amplifier and a voltage feedback ampli-
fier which can be selectively used, the controller 1s provided
with a speed limiter for limiting the speed of the head to a
predetermined maximum speed, and the voltage feedback
amplifier of the drive circuit 1s used when the head-position
signal 1s unstable or indicates a malfunction condition, and
the current feedback amplifier of the drive circuit 1s used
when the head-position signal 1s a normal signal during
secking and tracking operations.

In some embodiments, the controller includes a speed
determining unit that provides a speed signal indicating the
speed of the head by differentiating the head-position signal
provided by the head-positioning measuring circuit, a
desired speed determining umit that generates a desired
speed signal on the basis of the head-position signal pro-
vided by the head-positioning measuring circuit and the
desired track-positioning signal, and a subtractor that gen-
erates a speed deviation signal by subtracting the output
signal of the desired speed determining unit from the output
signal of the speed determining unait.

With such a configuration, the speed of the head i1s
limited. Also, the overshoot of the head can be reduced.
Moreover, even 1f the head support mechanism collides
against the stopper, the speed can be limited.

A further understanding of the nature and advantages of
the present mmvention may be realized by reference to the

remaining portions of the specification and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an entire head-positioning
control system included in a disk storage device 1n a first
embodiment according to the present mnvention;

FIG. 2 1s a block diagram of the head-positioning control
system 1n a state where a circuit connected to a voltage
feedback amplifier 1s closed;

FIG. 3, made up of FIGS. 3(1), 3(2), and 3(3), shows the
waveforms of a VCM drive current, a head-speed signal, and
a positioning error signal when the voltage feedback ampli-
fier included 1n the head-positioning control system 1s oper-
ated;

FIG. 4 1s a block diagram of a head-positioning control
system 1ncluded 1in a generally known disk drive and
employing a current feedback amplifier;

FIG. 5 1s a block diagram of a head-positioning control
system of a generally known head-positioning control sys-
tem 1n a state where a current feedback amplifier 1s used;

FIG. 6, made up of FIGS. 6(1), 6(2), and 6(3), shows the
waveforms of a VCM drive current, a head-speed signal and
a positioning error signal when the current feedback ampli-
fier of the head-positioning control system included in the
generally known head-positioning control system 1s oper-

ated; and

FIG. 7 1s a block diagram of an entire head-positioning,
control system 1ncluded 1n a disk storage device in a second
embodiment according to the present invention.
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DESCRIPTION OF ILLUSTRAITIVE
EMBODIMENTS

Disk storage devices according to embodiments of the
present invention will be described in with the drawings.
Although the invention 1s described in connection with
positioning a magnetic read/write head relative to a mag-
netic disk, the invention applies to a variety of disk devices
(e.g., magnetic disk drives, optical disk drives), and further
applies to write-only and read-only implementations.

FIG. 1 1s a block diagram of a head-positioning control
system 1ncluded 1n a disk storage device 1n a first embodi-
ment according to the present invention. The disk storage
device mcludes a magnetic disk 1, a magnetic head 2, a
spindle motor 3 for rotating the magnetic disk 1, a head
support mechanism supporting the magnetic head 2, a voice-
coil motor (hereinafter, abbreviated to “VCM”) § for driving
the head support mechanism 4. The magnetic head 2 reads
servo Information, not shown, previously recorded on a
magnetic disk 1 and representing a radial positioning on the
magnetic disk 1, and a head-positioning measuring circuit
10 provides a head-position signal 31. A controller 70
subtracts the head-position signal 31 from a desired track
positioning signal 30 to obtain a positioning error signal
(PES) (shown with reference numeral 32 in FIGS. 2, §, and
7). This signal, suitably processed i1s converted by a digital-
to-analog converter (DAC) 20 to provide an analog drive
signal 22 to a drive circuit for positioning the VCM.

In this embodiment, the drive circuit includes a current
feedback amplifier 21 and a voltage feedback amplifier 50
and a mechanism for selecting one or the other to provide the
current to the VCM 5 1n a manner that the positioning error
signal 1s reduced to zero.

A magnetic pattern corresponding to a positioning signal
pattern showing radial position 1s recorded on the magnetic
disk 1. The head 2 1s able to read the positioning signal
pattern and to provide the head-position signal 31. If the
magnetic disk 1 has defects, 1f the magnetic head 2 1s 1n a
malfunction condition, or if dust 1s held between the mag-
netic disk 1 and the magnetic head 2, it 1s possible that the
head-position signal 31, such as a track number signal,
includes a malfunction signal and a normal head-positioning
operation cannot be achieved. It 1s also possible that the
head-position signal 1s unstable immediately after the con-
nection of the disk drive to a power supply, a malfunction
signal 1s generated and a normal head-positioning operation
cannot be achieved. In other words, if the head-positioning
operation 1s controlled by using the current feedback ampli-
fier on the basis of such a malfunction signal, the head 1s
turned at a high acceleration when the current feedback
amplifier supplies a current to the VCM. The present imnven-
tion 15 intended to achieve a head-positioning control opera-
tion by controlling the speed of the head under such a
malfunction condition.

FIG. 2 1s a block diagram showing additional details of
the configuration where voltage feedback amplifier 50 1is
selected and also showing additional details of the VCM §
and the controller 70. A PID (proportional-integral-deriva-
tive) compensator 33 of the controller 70 operates to reduce
the positioning error signal 32, 1.¢., the difference between a
desired track-positioning signal 30 and the head-position
signal 31, to zero. An output signal provided by the PID
compensator 33 1s processed by a limiter 35 such that the
drive signal 22 1s saturated with a value obtained by dividing
the product of multiplication of a desired maximum speed
V (m/s) and the counter ¢lectromotive voltage constant K,
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(V/(m/s) of the voice-coil motor, i.e., a constant dependent
on the design of the VCM, by the gain Kv (V/V) of the
voltage feedback amplifier.

A speed control loop 1s formed for the VCM 5 by a
counter electromotive voltage feedback loop obtained by
multiplying the speed of the head support mechanism by the
counter electromotive voltage constant K, (V/(m/s)). The
speed of the head support mechanism is limited to V,__(m/s)
by the VCM input voltage saturated with KxV, (V).

More speciiically, the saturation level of the limiter 35 1s
KXV ... /Kv, where Kv 1s the gain of the voltage teedback
amplifier S0 and K, 1s the VCM counter electromotive
voltage constant of the VCM 5 and the head support
mechanism 4. A point “c” indicates the actual speed V of the
head. The characteristic saturation of the voltage feedback
amplifier 1s equal to the supply voltage, such as 12 V. A
voltage to be limited at a point “a” is (KxV ,, /Kv)xKv.
Voltage at a point “b” 1s KxV. It the positioning error signal
32 1s malfunctioning, the drive signal 22 of a malfunction
voltage corresponding to the malfunctioning positioning,
error signal 32 1s not provided, the limiter 35 limits the

voltage to KxV,_ /Kv, and the speed of the head (the
voltage at the point “c”) is controlled through the voltage
feedback amplifier S0 within the limited voltage. Thus, the
positioning of the head 1s controlled by the voltage limited
by the saturation characteristic of the limiter to reduce the
positioning error signal 32 gradually to zero.

The drive signal provided by the limiter 35 1s a limited
voltage component as mentioned above, and the speed of the
head 1s controlled through the voltage feedback amplifier 50
according to the voltage component. Operation using the
voltage feedback amplifier 1s selected when the head-posi-
fion signal 1s malfunctioning, to restrict the head to a speed
corresponding to a voltage within the limit to avoid over-
shoots, as will be described below with reference to opera-
tion using the current feedback amplifier

FIGS. 3(1) 1s the waveform of the VCM drive current
when a stepped 1nput signal representing a desired value 1s

orven to the disk storage device using the voltage feedback
amplifier shown 1n FIGS. 1 and 2. FIG. 3(2) is the waveform
of the speed of the head, and FIG. 3(3) is the waveform of
the positioning error signal. As can be seen from FIGS. 3(1),
3(2) and 3(3), the control system using the voltage feedback
amplifier 1s able to positioning the head by controlling the
overshooting of the positioning error signal limiting the
speed.

The description has been made 1n which the controller 70
1s provided with the PID compensator for reducing the
positioning error signal PES to zero. The controller 70 1s
capable of stably controlling the speed of the head by
saturating the drive signal 22 given to the voltage feedback
amplifier 50 with KxV,  /Kv (V) obtained by dividing the
product of multiplication of the predetermined maximum
speed V___(m/s) and the VCM counter electromotive volt-
age constant K.(V/(m/s) by the gain Kv (V/V) of the voltage
feedback amplifier, even i1f the positioning signal 1s mal-
functioning and the speed signal obtained by differentiating
the positioning signal 1s malfunctioning 1n calculating a
control input on the basis of the speed of the head.

FIGS. 4 and 5 are block diagrams showing additional
details of the configuration where current feedback amplifier
21 1s selected. FIG. 5 also show additional details of the
VCM 5 and the controller 70, as well as additional details of
current feedback amplifier 21.

Usually, the PID compensator 33 is used for reducing the
positioning error signal 32 to zero. A current supplied to the

V(CM 1s fed back to the current feedback amplifier 21, and
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a PI filter executes a control operation so that a VCM drive
current corresponding to the drive signal flows. The current
flowing through the VCM 1s fed back to the current feedback
amplifier, 1.€., a drive circuit, of the head-positioning control
system. The current feedback amplifier has functions to
supply a current corresponding to the drive signal 22 and to
control the acceleration of the head support mechanism

supporting the head.
FIG. 6(1) is the waveform of the VCM drive current when

a stepped desired value 1s given to the disk storage device

using the current feedback amplifier shown in FIGS. 1, 4,
and 5.

FIG. 6(2) is the waveform of the speed of the head, and
FIG. 6(3) is the waveform of the positioning error signal. As
can be seen from FIGS. 6(1), 6(2), and 6(3), the positioning
error signal overshoots greatly 1n the head-positioning con-
trol system employing the current feedback amplifier. When
the current feedback amplifier 21 of the drive circuit 1s used
under the normal operating condition, the current feedback
amplifier controls the acceleration of the head even 1f the
drive signal 1s the limited voltage component, so that it is
possible that the head overshoots as shown in FIG. 6(3).
Therefore, when the head-position signal 1s malfunctioning,
the head must be moved at a speed corresponding to a
voltage within the limit by opening the circuit connected to
the current feedback amplifier and closing the circuit con-
nected to the voltage feedback amplifier.

FIG. 7 1s a block diagram of a head-positioning control
system 1ncluded 1n a disk storage device 1n a second embodi-
ment according to the present invention. An amplifier selec-
tor 100 1included 1n a controller 70 gives an amplifier change
signal 26 to a switching circuit 25. The switching circuit 25
opens a circuit connected to the current feedback amplifier
21 and closes a circuit connected to the voltage feedback
amplifier 50 during a rough positioning operation (for
example, a state immediately after the connection of the disk
storage device to a power supply) or a head-position signal
31 1s malfunctioning due to, for example, defects 1n a
magnetic disk 1. Thus, the driving circuit 1s switched to the
voltage feedback amplifier 50 from the current feedback
amplifier 21.

To be more specific, for example, a VCM drive circuit
including a D/A converter 20, the current feedback amplifier
21 and the voltage feedback amplifier 50, and a spindle
motor drive circuit are formed integrally in a single chip.
The chip 1s connected to the controller 70, 1.€., a microcom-
puter, through a serial interface. An analog switch included
in the switching circuit 25 1s operated by a flag represented
by a digital signal provided by the microcomputer. That 1s,
the current feedback amplifier 1s used i1f a head-position
signal 1s normal either during a seek operation or a tracking
operation (the current feedback amplifier 21 controls the
acceleration of the head support mechanism 4 according to
the magnitude of a drive signal given thereto). And, the
voltage feedback amplifier 1s used 1f a head-position signal
1s malfunctioning in response to power supplying, or due to
defects 1 the magnetic disk or the head, dust or false
detection (the voltage feedback amplifier S0 controls the
speed of the head support mechanism 4 according to the
magnitude of a drive signal given thereto).

The malfunctioning condition of the head-position signal
31 can be detected by a known method disclosed in JP-A
74371/1998. This known method estimates a head-position
signal at present from head-position signals sampled 1n the
past, such as track numbers, and detects the malfunctioning
condition of the head-position signal from the deviation of
the measured head-position signal from the estimated head-
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position signal. (It 1s decided that the head-position signal 1s
malfunctioning if a large deviation of an actually measured
head-position from the head-position estimated 1n the past
occurs frequently.)

A malfunction head-position signal detecting method and
an amplifier selecting method will be described. The con-
troller 70 samples the head-position signal 31 at a sampling
pertod T sec. Suppose that the value of the head-position
signal 31 sampled by the present sampling cycle is X(k), the
value of the head-position signal 31 sampled by the preced-
ing sampling cycle 1s X(k-1), and the value of the head-
position signal 31 sampled by a sampling cycle two sam-
pling periods before 1s x(k-2). Then, the speed of the head
in the sampling period T is {X(k-1)-X(k-2)}/T. Thus, the
value of an estimated head-position signal in the present
sampling cycle 1s expected from the head-position signal
sampled 1n the past by the following equation;

Y(k)=X(k-1)+Tx{X(k-1)-X(k-2)}/T

The amplifier selector 100 executes calculation using the
expression mentioned above, calculates an absolute value
IX(k)-Y(k)l of a difference between the value of the head-
position signal 1n the present sampling cycle and the value
of the estimated head-position signal 1n the present sampling
cycle. If the absolute value 1s greater than a predetermined
value, the amplifier selector 100 gives an amplifier change
signal 26 to the switching circuit 25 to open the circuit
connected to the current feedback amplifier 21 and to close
a circuit connected to the voltage feedback amplifier 50.
Then, the controller 70 executes the seek operation for
secking the desired track again. Upon detection of the
normal head-position signal 31, the amplifier selector 100
closes the circuit connected to the current feedback amplifier

21.

Referring again to FIG. 7, the disk drive 1s provided with
a speed measuring device 81 for measuring speed, 1.e., a
differential signal obtaimned by dilferentiating a position
signal. A head-moving operation for moving a head a long
distance at a high speed 1s called a seek operation. A seek
control system has a subtractor 83 that calculates a speed
error signal 93 by subtracting a desired speed signal 90
generated by a desired speed generator 80 from a measured
speed signal 91 provided by the speed measuring device 81.
The seek control system provides the drive signal 22
obtained by adding an acceleration feedforward signal 92
provided by an acceleration feedforward compensator to a
signal obtained by multiplying the speed error signal 93 by
a loop gain 85. The acceleration feedforward compensator
reduces a follow-up error 1n the speed signal relative to the
desired speed.

While the disk storage device 1s in the normal operation,
an amplifier selector 100 gives a drive signal to the current
feedback amplifier 21 for a seek operation. During the seek
operation, the amplifier selector 100 monitors the head-
position signal 31. If the head-position signal 1s maltfunc-
tioning, the amplifier selector 100 gives an amplifier change
signal 26 to a switching circuit 25. Then, the switching
circuit 25 opens a circuit connected to the current feedback
amplifier 21 and closes a circuit connected to the voltage
feedback amplifier 50. A signal given to the voltage feed-
back amplifier 1s obtained by saturating the drive signal 22
with a value KxV,  /Kv (V) provided by the limiter 35 by
dividing the product of multiplication of a desired maximum

speed V. (m/s) and a VCM counter electromotive voltage
constant k. (V/(m/s)) by the gain Kv (V/V) of the voltage
feedback amplifier 50.
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As noted above, the VCM 5 has a speed control loop
including a counter electromotive voltage feedback loop
obtained by multiplying the speed of a head support mecha-
nism by the counter electromotive voltage constant K,
(V/(m/s)). The speed of the head support mechanism is
limited to V. (m/s) by a VCM 1nput voltage saturated with
KxV,,..(V). Thus, the speed of the head support mechanism
can be limited and the head can be positioned if the
head-position signal becomes malfunctioning during the
seck operation. Consequently, it 1s possible to avoid the
breakdown of the disk storage device due to a trouble, such
as the collision of an actuator supporting the head against a
stopper, which occurs 1n the conventional disk storage
device. Although the operation of the amplifier selector 100
when a malfunction condition of the head-position signal 1s
detected has been described, a value that indicates a mal-
function condition may be a malfunction value in the
positioning error signal, the speed signal or the speed error
signal.

As apparent from the foregoing description, the disk
storage device embodying the present invention has the
following functions. The drive circuit uses selectively either
the current feedback amplifier and the voltage feedback
amplifier, and the drive signal generated by the controller 1s
orven to the drive circuit. There 1s the possibility that the
head support mechanism overshoots, moves outside the
moving range and collides against the stopper when the head
1s moved greatly for the head-positioning operation under an
unstable condition 1mmediately after the connection of the
disk drive to the power supply. Under such undesirable
condition, the drive circuit uses the voltage feedback ampli-
fier 1nstead of the current feedback amplifier, which 1s
employed 1n the conventional disk drive, to drive the VCM.
The drive signal 1s saturated with the value obtained by
dividing the product of multiplication of the desired maxi-
mum speed V, _ (m/s) and the VCM counter electromotive
voltage constant K, (V/(m/s)) by the gain Kv (V/V) of the
voltage feedback amplifier to limait the speed of the head to
the maximum speed V,___ to reduce shocks due to collision.

If the head-position signal provided by the head-position
measuring circuit 10 becomes maltunctioning, for example,
due to defects 1 the disk during the seek operation, the
current feedback amplifier 1s disconnected from the circuit
and the voltage teedback amplifier 1s connected to the circuit
to drive the VCM, and similarly to the above, the drive
signal 1s saturated with the value obtained by dividing the
product of multiplication of the desired maximum speed
V (m/s) and the VCM counter electromotive voltage con-
stant K, (V/(m/s)) by the gain Kv (V/V) of the voltage
feedback amplifier to limit the speed of the head to the
maximum speed V_ . Since the speed of the head can be
limited to the maximum speed V,, . (m/s), the disk drive is
able to achieve stable head positioning control. The speed of
the head can be stably controlled even 1f the head-position
signal mndicating the positioning of the head support mecha-
nism becomes malfunctioning and the speed signal obtained
by differentiating the head-position signal becomes mal-
functioning.

From the foregoing it will be appreciated that in the
preferred embodiment of the present invention, the speed of
the head can be limited to reduce the overshoot of the head
by disconnecting the current feedback amplifier from the
circuit and connecting the voltage feedback amplifier to the
circuit and saturating the drive signal given to the voltage
feedback amplifier.

Moreover, even 1f the head collides against the stopper

due to the extraordinary head-position signal and the
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able head-positioning control operation, the disk drive
be protected from breakdown because the speed of the

head at the collision 1s limited to the predetermined speed.

While the above 1s a complete description of specific
embodiments of the invention, the above description should
not be taken as limiting the scope of the invention as defined
by the claims.

What 1s claimed 1s:

1. A disk storage device comprising:
an 1nformation storing disk;

d

d

d

d

d
d

head for writing data to tracks on said disk and/or

reading data from tracks on said disk;

head-moving mechanism that moves said head in

response to an input signal;

head-position measuring circuit that generates a head-

position signal representing a radial position of said

head relative to said disk;

current feedback amplifier;

voltage feedback amplifier; and

controller that 1s configured to:

generate a drive signal using a desired track-position
signal and said head-position signal generated by
said head-position measuring circuit,

set an upper limit on said drive signal,

monitor said head-position signal, or a signal derived
from said head-position signal, to determine whether
a malfunction condition exists, and

in the event of determining that a malfunction condition
exists, causing said drive signal to be applied as an
input to said voltage feedback amplifier and causing
an output from said voltage feedback amplifier to
provide said input signal to said head-moving
mechanism, or

in the event of determining that a malfunction condition
does not exist, causing said drive signal to be applied
as an 1nput to said current feedback amplifier and
causing an output from said current feedback ampli-

fier to provide said input signal to said head-moving
mechanism.

2. The disk storage device of claim 1 wherein said signal
derived from said head-position signal includes one or more

of a
s1gn

positioning error signal, a speed signal or a speed error
al.

3. The disk storage device of claim 1 wherein said

mal

unction condition 18 due to defects 1n said disk or

trou
and

bles 1 said head when said head 1s moved for seeking
tracking.

4. The disk storage device of claim 1 wherein said

mal.
s1gn

unction condition 1s an instability of said head-position
al or said signal derived from said head-position signal.

5. A disk storage device comprising:
an 1nformation storing disk;

d

d

d

d

d

head for writing data to tracks on said disk and/or
reading data from tracks on said disk;

head support mechanism supporting and moving said
head 1n response to an input signal;

voice-coll motor for driving said head support mecha-
nism;

head-position measuring circuit for measuring a radial
position of said head relative to said disk;

controller that calculates a drive signal on the basis of
a desired track-position signal and a measured head-
position signal measured by said head-position mea-
suring circuit and sends out said drive signal for
positioning said head at a position corresponding to a
desired track; and
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a drive circuit driven by said drive signal for positioning
said head at a position corresponding to said desired
track by driving said voice-coil motor;
wherein:
said drive circuit includes a current feedback amplifier
and a voltage feedback amplifier that are capable of
being used selectively,

said controller 1s provided with a speed limiter for
limiting the speed of said head to a predetermined
maximum speed, and

said controller 1s configured to

in the event of determining that a malfunction condition
exists, causing said drive signal to be applied as an
input to said voltage feedback amplifier and causing
an output from said voltage feedback amplifier to
provide said input signal to said head support mecha-
nism, or

in the event of determining that a malfunction condition
does not exist, causing said drive signal to be applied
as an input to said current feedback amplifier and
causing an output from said current feedback ampli-
fier to provide said 1nput signal to said head support
mechanism.

6. The disk storage device of claim § wherein said

malfunction condition appears immediately after said disk
storage device 1s connected to a power supply.

7. A disk storage device comprising;:
an 1nformation storing disk;
a head for writing data to tracks on said disk and/or
reading data from tracks on said disk;
a head support mechanism supporting and moving said
head 1n response to an input signal;
a voice-coll motor for driving said head support mecha-
nism;
a head-position measuring circuit for measuring a radial
positioning of said head relative to said disk;
a controller that calculates a drive signal on the basis of
a desired track-positioning signal and a measured head-
position signal measured by said head-positioning mea-
suring circuit and sends out said drive signal to posi-
tioning said head at a position corresponding to a
desired track; and
a drive circuit driven by said drive signal for positioning
said head at a position corresponding to said desired
track by driving said voice-coil motor;
wherein:
said drive circuit includes a current feedback amplifier
and a voltage feedback amplifier that are capable of
being used selectively,

said controller 1s provided with a speed limiter for
limiting the speed of said head to a predetermined
maximum speed, and

said controller 1s configured to

in the event of determining that said head-position
signal 1s a malfunction signal due to defects 1n said
disk or troubles in said head when said head 1s
moved for seeking and tracking, causing said drive
signal to be applied as an input to said voltage
feedback amplifier and causing an output from said
voltage feedback amplifier to provide said input
signal to said head support mechanism, or

in the event of determining that said head-position
signal 1s a normal signal, causing said drive signal to
be applied as an input to said current feedback
amplifier and causing an output from said current
feedback amplifier to provide said input signal to
said head support mechanism.
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8. The disk storage device of claim 5, 6, or 7 wherein said provided by said head-positioning measuring circuit
speed limiter is saturated with a value obtained by dividing and said desired track-positioning signal; and
a product of multiplication of said pre(f‘.eterminecil maximum a subtractor that generates a speed deviation signal by
speed (V. (m/s)) and a counter electromotive voltage subtracting said output signal of said desired speed
constant (k.(V/(m/s)) of said voice-coil motor by a gain (Kv 5

determining unit from said output signal of said speed
determining umnit.

10. The disk storage device of claim 1, §, 6, or 7 wherein
said information storage disk 1s a magnetic disk.

(V/V)) of said voltage feedback amplifier.
9. The disk storage device of claim 1, 5, 6, or 7 wherein

said controller includes:
a speed determining unit that provides a speed signal

indicating said speed of said head by differentiating 10 11. The disk storage device of claim 1, §, 6, or 7 wherein
said head-position signal provided by said head-posi- said head both reads information from said disk and writes

tioning measuring circuit; information to said disk.

a desired speed determining unit that generates a desired
speed signal on said basis of said head-position signal k% %k
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